
The SI GO buss has become one of the most, successful 
buss standards for both hobbyist and professional 
applications. Most past ETI computer projects have 
supported this buss. This project continues the line of 
succession and uses the popular 2650 microprocessor in 
a single-board computer design with many features not 
found elsewhere. It is compatible with our previous SI00 
projects (e.g: the 640 VDG and 681 PCG) and follow-up 
projects and articles are to come. 


THE INTRODUCTION of thf j micro¬ 
processor to the electronics scene lias 
brought with it many great possibilities 
and many new challenges for both the 
hobbyist and professional system 
builder. While the microprocessor is 
extremely flexible and is capable of 
excelling in most applications over 
‘discrete’ circuit assemblies, it is unable 
to operate by itself. The microprocessor 
is only a system component and must be 
supported by a variety of additional 
components to be capable of performing 
any given task. 

The basic microcomputer system is 
composed of three main units, or mod¬ 
ules. These are: the Central Processing 
Unit (.CPU), the Memory Unit and the 
Input/Output (I/O) Port Units. The 
CPU with its associated control circuitry 
performs all the processing and system 
control operations. The Memory Unit 
usually consists of several blocks of 
memory, each with its own address 
decoding circuitry. The memory blocks 
can consist of either non-volatile Read 
Only Memory (ROM) in which is stored 
permanent programs (or data), or Ran¬ 
dom Access Memory (RAM) in which is 
stored variable data that is subject to 
change during program execution, i'he 
Input/Output Units and the associated 
control circuitry provide the primary 
means by which the ‘external world' can 
communicate with the CPU. All these 
units may be located simultaneously on 
one board or on separate boards, and are 
normally interconnected by a standard¬ 
ised system buss. (A 'buss' is a system or 
group of interconnections common to an 
assembly of different devices). 


In many applications the microcom¬ 
puter system is custom designed for the 
application required, but this is gener¬ 
ally very expensive and quite inflexible 
to the needs of future expansion. Instead 
of designing individual cards which are 
dedicated to one application, it is often 
more cost effective to design small 
general purpose cards which can be used 
as building blocks for larger systems. 
This individual tailoring allows the 
finished system to suit any given appli¬ 
cation and, bv its very nature of 
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construction, is more flexible to the 
needs of future expansion. 

Fortunately, the microprocessor lends 
itself naturally to the modular system 
approach. The concept of the buss- 
structured system can therefore lie 
utilised to its maximum and provide the 
system designer with a means by which 
he can buy and develop small general 
purpose cards and interconnect them via 
the microprocessor buss. 

The microprocessor buss forms the 
backbone to the microcomputer system. ► 


--GENERAL SPECIFICATIONS - ETI 885—- 

* Accommodate*. 26SCA (1 MHz) or high speed 2850A-1 (2 MHz) CPUs. 

* On-board 4 MHz crystal oscillator supplying the CPU and bos docks 

* 4K of on-board HAM memory swttchable to any 4K addrot. boundary. 

* 4K of on-board EPROM memory configured as 

-IK, 2K or 4K of EPROM memory commencing at ‘0000’ hex. 

-Supports multirail and single rail 2708 and 27 f 6 SPROMs. 

-Selected on hoard EPROM has priority over RAM Memory. 

ROM memory can be enabled and disabled by software. 

* 1 ho PHANTOM signal is generated when on-board RAM or i-PROM is selected to 
disable any ‘secondary* memory on the bur:-: at he same Mdress. 

* One SERIAL PORT supported as El A P.S-232C and current loco, 
c One latched 8-bit PARALLEL-IN 'keyboard' PORT 

« One Programmable Peripnerei Interface (PPI) piovidlng THREE PROGRAMMABLE 
PORTS. This PPI can provide combinations of static or ztrobad 1/0. r/-ot>»d bi¬ 
directional or scu ta) 1/0 and 16-bit timer operations. 

* One Programmable interrupt Controller (PIC) providing eight leva)* of programmer v 
vectored interrupts. 

* Non-vectorcd Interrupts using pINT and sihSTA. 

o Full SiOO processor and status signal generauon:- 

-pWR, pDBlN. fMEMR, sMWRT, aWO. slNP and sOUT lor memory and 1/0 data 
interchange. 

~\>STVAL, pSYNC, 0 (1 MHz) and CLOCK (2 MHz) for buss timing. 

-pCC for system initialisation. 

* Fukv buttered status, address and data fines 

* Direct Memory Address (DMA) capability using pHOi.D and pHLDA. 

* CPU con address up to 512K of rnesnory using s fuff 16-bit 8100 firidr*53 buss and the 
on-board bank select logic. 
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It provides ihe communication 'high¬ 
way’ between the CPU and the systems 
memory and input/output modules. A 
great many microcomputer standard 
busses exist today. Some of these have 
thrived because of the de facto accept¬ 
ance by large user groups, some by their 
ability to support a wide variety of 
regular devices, and others by their 
technical excellence. 1 have chosen to 
interlace with the Si00 buss as this is 
currently recognised as one of the 
industry leaders. 

The SI00 buss 

This originated in the USA early in 1975 
in a microcomputer system manufac¬ 
tured by MITS. 'I’he system was called 
the Altair 8800 and it used a 100-pin pc 
board connector (50 pins a side) to 
provide a communications buss for an 
Intel 8080 CPU. The Altair Buss later 
became known as the ‘Standard 100 Pin 
Buss’, or SI00 buss. 


Recently the S100 buss has attracted 
the attention of the Institute of Electri- 
cnl and Electronic Engineers in the USA. 
They have now drafted the IEEE-096 
Specification for the buss, which defines 
the electrical and buss timing 
specifications lor the current generation 
of 16-bit microprocessors. Some changes 
include a 16-bit bi-directional data buss 
and an extended 24-bit address buss. 
Special signals have been designated to 
permit the combined operation of 8-hit 
and 16-bit. hardware. These improve¬ 
ments will increase the useful life of the 
buss well into the 1990s. 

The Si00 buss has become one of the 
most commercially successful buss stan¬ 
dards ever produced, and the multitude 
ol Si 00-compatible boards has attracted 
the interest of both the professional and 
hobby computerist. Several Austra¬ 
lian companies are currently manufac¬ 
turing SI00 boards and several ‘kit’ 
projects have been published in ET1. 


I he Si 00 RAM Card (Project 642 from 
Feb. 1979) and the S100 PROM Board 
(Project 682 from March 198it are 
compatible with this project. The SI 00 
\I)U Board (Project 640 from April 
1978) and the S100 Programmable 
t haracter Generator (Project 681 from 
-hine 1980) are compatible video 
intei lace units. A suitable keyboard and 
cassette tape interface will be published 
at a later date. 

The project 

1 he ETI-685 has been designed as a very 
flexible general purpose single-board 
computer incorporating the Signetics 
2650 8 bit microprocessor. This 2650 
Cl P board has been designed to 
interface with the well established Si 00 
buss structure, and this enables the user 
to easily expand his system’s input/ 
output and memory capabilities. This 
easy-to-use single-board system is a very 
cost-effective GPU hoard for OEM 


IEEE-696 S100 BUSS STANDARD PINOUTS 


MOTE: 

H Active high signal 
(O/C) signal driven by 
NAME LEVEL 

+ 8 V 
MB V 

XRDY H 

V0 UO/C) 

VI UO/C) 

L(0/C) 

V3 UO/C) 

V-1 UO/C) 

VI5 UO/C) 

V6 UO/C) 

Vl7 UO/C) 

NMI L 

PWRFAII. L 

0MA3 L<0/C) 

A18 H 

A16 H 

A.7 H 

sose i(0/C) 

CDSB l(0/C) 

GND 
NDEF 

ADSB UO/C) 

OODS8 UO/C) 

PH2 H 

PSTVAL L 

PHLDA H 

RFU 
RFU 

AS H 

A4 H 

A3 H 

A15 H 

A12 H 

A0 H 

DOI H 

OOO H 

A10 H 

D04 H 

D05 H 

006 H 

012 H 

DI3 H 

017 H 

SMI H 

soi n \ h 

SlNP t h 

SMEMR * H 

SHirA H 


L - Active low signal 
opon collector device 

r UNCTION 

Positive system power supply 

* 16 V power supply 

Buss ready; use with pm 72 

Vectored Interrupt iine 0 

Ditto 

Ditto 

Ditto 

Ditto 

Ditto 

Ditto 

Ditto 

Non-maskablo Interrupt 
Indicates power talluro 
Prlotily bit 3 
Extended address bn 18 
Extended address bit 16 
Extended address bit 17 
Disable 8 status lines 
Disable 5 control lines 
Common with om 100 
Manufacturer specification 
Disable 16 address lines 
Disablo 8 data lines 
Master buss timing signal 
Status valid strobe 
Use with pm 74 to buss 
Reserved 
Reserved 
Address bit 5 
Address bit 4 
Address bit 3 
Address bit 15 
Addross bit 12 
Address bit 0 

Data out bit t (bidirectional bit !) 

Data out bit 0 (bidirectional bit 0) 
Address bit 10 

Data out bit 4 (bidirectional bit 4; 

Data out bit 5 (bidirectional bit 5) 

Data out bit 6 (bidirectional bit 6) 

Data in bit 2 (bidirectional bit 10) 

Date In bit 3 (bidirectional bit it) 

Data m bit 7 (bidirectional bit 15) 

Status signal (op-code fetch) 

Status signal (data to output device) 
Stalus signal (data to input device 
Status signal (data bom memory to bussj 
Status signal (halt executed) 


43 

CLOCK 


50 

GND 


31 

• 8 V 


52 

-16 V 


53 

GND 


54 

SCLR 

L(0/C| 

55 

DMAO 

L(0/C) 

58 

DMA l 

UO/C) 

57 

DMA2 

UO/C) 

58 

SXTRQ 

L 

50 

Atg 

H 

60 

SIXTN 

L 

61 

A20 

H 

62 

A2l 

H 

63 

A22 

H 

84 

A23 

H 

65 

NDEF 


60 

NDEF 


67 

PHANT 

UO/C) 

66 

MWRT 

H 

69 

RFU 


70 

GND 


71 

RFU 


72 

ROY 

H(0/C) 

73 

INT 

L(0/C> 

74 

HOLD 

UO/C) 

75 

RESET 

L(0/C) 

76 

PSYNC 

H 

77 

PWR 

l 

76 

POBIN 

H 


2 MHz signal 
Common with pm too 
Common with pm i 
Nogntlve It. V supply 
Common with pm 100 
Reset buss siovos 
Priority bit 0 
Priority bit 1 
Priority bit ? 

"talus signal (Slave request) 
Extended address bit 19 
Response oy staves to pm 58 
Extended address bit 20 
Extended address bit 21 
Extended address bn 
Extended address bit 23 


Phantom to disable slave devices 
With PWR for write operation 
Reserved 

Common with pm 100 

Reserved 

With pm 3 

Interrupt request 

Used with pHLDA 

Master reset 

Control buss cycle t 

Valid data ori DO buss 

Control signal data from Ol buss 

Address bit 0 

Address bit 1 

Address bit 2 

Address bit 6 

Addross bit 7 

Addross b.t 8 

Address bit 13 

Address bit 14 

Address bit 11 

Data rut bit 2 (bidirectional bit 2| 

Oata out b‘t 3 (bidirectional bit 3) 

Dai* out bn 7 (bidirectional bn 7 ) 

Data in on 4 (bidirectional b-t 1?) 

Data m bit 5 (bidirectional bit 13) 

Data m bit 6 (bidirectional bit (4) 

Oata In bit 1 (bidirectional bit Q) 

D»ta in bit 0 (bidirectional bit 8) 

Status after interrupt request (pin 7 3| 

Status signal data (iransfer master to slave) 
-Status signal error (m current cycle) 
Pnwer-on-clear signal 
System ground 
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applications, 2650 enthusiasts, micro¬ 
processor students or the computer 
hobbyist after a powerful, expandable 
system well supported with projects and 
software. 

The ETI-685 is an ideal microproces¬ 
sor for the student or hobbyist who is 
just starting out in the world of 
microcomputing. Well-known author 
Adam Osborne describes the 2650 as "a 
very mini-computer-like device ... rich in 
memory-addressing modes and memory 
reference instructions”. Memory ad¬ 
dressing combinations available include 
absolute or relative direct addressing 
with optional indexing and auto¬ 
increment or decrement, and indirect 
addressing with optional post-indexing 
and auto-increment or decrement. 

It may be seen from examination of 
the 2650 instruction set that there are 
many powerful instructions which are all 
easily understood and are typical of 
larger computers. This project has been 
designed to fully complement the capa- • 
hilities of this very able microprocessor 
as every mode of memory or I/O 
addressing has been utilised. 

Several of the 256 extended I/O 
addresses are used on the CPU board tofc* 
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HOW IT WOfiKS - ETi6S5 

This is a detailed functional description of the 
project and not a ‘puleo-by-pulse' description of 
its operation. Reference to data oooka for 
relovant IC9 (especially the 2660) Is rec¬ 
ommended. 

CENTRAL PROCESSOR UNIT (CPU) AND 
CLOCK 

The CPU used lo the Signetics single-chip 8-b-t 
NMOS microprocessor, the 265QA This 
processor has been designed to closely re¬ 
semble conventional binary computers and 
executes variable length Instructions of from 
one to throe bytes in length. This CPU contains 
r. total of eight general purpose registers, each 
eight bits long. Any register may be used as the 
source or destination for arithmetic operations, 
as Index registers, end ror I/O data transfers 
The 2650 has a 15-bit parallel address buss and 
can address up to 32 768 bytes (32K) of 
memory. 

Th9 2650 Includes a very versatile set of I/O 
instructions which provide it with 256 extended 
I/O addresses, two non-extended port3 and a 
special single-bit I/O facility. 

The project comprises an internal Q-bll bi¬ 
directional data buss, 15-blt address t:us8 arid 
several control signals which interconnect the 
2650 CPU to the on-board RAM and ROM 
memory, ports and the S100 buss buffers. A 
programmed 32 x 8 fuse-link PROM Is used to 
generate tho SI00 buss control signals (rom the 
2650'a control signals, required for external 
S100 memory and I/O data Interchange. 

A 4 MHz quartz crystal oscillator formed by 
IC4fla, b and c provides tne basic timing 
element for the CPU and the entire S100 buss 
computer. This frequency is divided by IC43 lo 
produce the 2 MHz and 1 MHz clocks required 
for the CPU and the S100 buss CLOCK (pin 49) 
and 4 (pin 24) signals. The wire link, W8, la U3ed 
to change the CPU dock to 2 MHz for the high¬ 
speed 2650A-1 processor. 

0M-80ARD MEMORY 

The Slgnofics 2650 microprocessor can ad- 
dross directly 32X of memory via Its 15 address 
lines and, following n reset’, reads its first 
Instruction from address '0000 H. It Is therefore 
customary to locate the system EPROM monitor 
to start at this address. 

t. FPROM MEMORY: Provision has been made 
on the board for the use of either single ( + 5 V) 
or multirail (+ 5, f 12. - 5 Volt) type EPROMs in 
-Hhar IK (2708/2758) or 2K (2716) increments. 
Two EPROM sockets have bean provided, so 
the board can accommodate IK. 2K or 4K of 
EPROM memory, with the first EPROM (1C 16) 
addressed to 0000'H, The wire link set, W7, 
selects the location of the second EPROM and 
W6 adjusts the pin configuration for the EPROM 
family In use. These links are preset for a single 
2708-type EPROM, which will carry the monitor 
program. 

2 . RAM MEMORY: The ETI-685 has provision 
for 4K of on-board RAM using eight 2114 
memory chips. This block of RAM cao'be 
addressed to sny 4K boundary within the 32K 
2650 memory map by switches 5, 6 and 7 of 
SW1. or it can be disabled completely by switch 
8. These four switches work In conjunction with 
the octal comparator (IC37) to select the RAM 
b'ock address, and the 1-of-4 decoder (ICl8a) 
generates the VtAM chip-select signals. 


The on-board EPROM hos been given a 
higher priority than the RAM. end the gate 
IC396 Inhibits the 'reading of all RAM switched 
to occupy the same address For examplo, if a 
IK EPROM (I e: monitor) and the RAM are both 
switched to start at '0000'H. the usable RAM 
will commence at '0400' H. 

MEMORY PHANTOM 

Both the on-board EPROM and RAM exercise a 
higher priority over tho remaining system 
memory map ar.d generate the PHANTOM 
signal on S100 buss pin 67 to deselect any 
external memory occupying the same address 

EPROM DISABLE 

A facility has been provided where the selected 
on-board EPROM may be disabled, providing 
continuous RAM from '0000'H. The EPROM is 
disabled by writing '01'H to tho applicable I/O 
address, which sets the flip-flop IC46b. The 
EPROM is returned by writing a 00'H to the I/O 
address or by a processor resat. 

This feature Is very useful for testing pro¬ 
grams which have been written for operation 
from address 0000'H. II should be noted that 
oven with the EPROM enabled It Is possible to 
load (I e. Write or Block Move) programs Into 
the RAM, which Is co-residerit with tne EPROM, 
however, you can only read (or run) the program 
when the EPROM is disabled. 

ON BOARD PORTS 

The ETI-685 has been provided with five ports 
to give the user a wide variety of Interface Input 
output devices without the need for additional 
I/O boards. Throe pons are programmable, one 
port is serial and the fifth Is a latched 8-blt 
parallel port. 

1. THE PROGRAMMABLE PORTS: The three 
programmable ports (A, B and G) ore provided 
by way of a single 40-pin LSI device (IC32) called 
the PPl (Programmable Peripheral Interface) 
This 1C Is addressed as four consecutive 
extended port addresses. The first three 
addresses across tho A, B and C port registers 
and the fourth address is the Control Register 
The PPl has three mooes of operation, selected 
by writing the appropriate control word into the 
Control Register. 

In MODE 0 the PPl provides simple input nnd 
output for the three 8-blt ports. MODE 1 
piovides for strobed Input and output data 
transfer from ports A and B with 'handshaking 
signals supplied by port C. In MODE 2 the A port 
i3 structured as an 8-bit u„ •'olional port with 
handshaking supplied by port C 


The Signetics 2655 PPl provides two ad¬ 
ditional features over tho standard 8255 PPl. 
The B port may be configured for 8-blt serial-to- 
paralloi or parallel-to-serlol communications 
and, in the 2655, the 8 port contains n 16-hit 
timer. 

2. THE BERiAL PORT: The serial port is 
supported by tho 2650's single bit I/O facility v,a 
the Flag and Sense pins Those two CPU pins 
are connected directly <o the processor's 
Program Status Word register and can be 
processed by software to provide e variety of 
serial communication formats. The monitor 
(Multibug) uses this port for 300 Baud ASCII 
serial communications, for keyboard input and 
CRT output, and for 300 Baud binary serial 
communications to the cassette tape interface 
With suitable software the port can be used to 
podorm any form of data communication 
Including music and Morse code generation! 

Thu Flag and Sense pins of the CPU are 
buffered on the board and are made available at 
the serial po.-t at ElA RS-232C voltage levels and 
as a current loop. The ElA RS-232C voltage 
levels can optionally bo converted to TTL levels 
by rewiring the wire links W! and W2. 

3. THE PARALLEL PORT: The parallel port Is 
supported by a single TTL octal latch wnlch Is 
similar In operation to the standard /4LS373 
The latch used, however, is the AM25LS2520 
(iC47)which features an additional asychronous 
‘clear input’ signal. This port is read and reset 
by addressing the appropriate 2650 extended 
port. Thu monitor uses this port as the keyboard 
inpul when the 'memory-mapped VDU' monitor 
is being U30d. 

INTERRUPT CONTROLLER 

The project uses the powerful AM9519 Univer¬ 
sal Interrupt Controller (IC7) to process eight 
maskable interrupt Inputs. This controller has 
bean designed as a general purpose interface 
and can be usod by most popular 8-bit 
microprocessors. The AM9519 manages up to 
eight maskable interrupt inputs, resolves 
priorities and Issues an 'interrupt request' to the 
CPU. When the CPU responds with an interrupt 
acknowledge the controller outputs a one-to- 
four byte response associated with the highest 
priority unmasked interrupt request. 

For the 2650 CPU the AM9I59 should be 
programmed for only one response byte, and 
the eight response bytes are pre-loaded into 
only eight locations within the 8 x 32 Internal 
read/write response memory All communi¬ 
cation with tne Interrupt Controller is by way of 
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the 2650 s non-extended C and 0 pons. The C 
port r-ddressfis the Control input for loading the 
Command Register and reading the Status 
Register, and the Data road or write transfers to 
or from the selected internal registers or 
memory locations are performed via the D port. 

NON-VECTORED INTERRUPTS 

The S100 non-voctored Interrupt Request 
(pINT) on buss*pin 73 is also supported on the 
board. This input, when pulled low. sets tne flip 
flop lC46a and generates a 2650INTREQ. When 
this Interrupt occurs, the 2650 will complete its 
current instruction, set it* interrupt inhibit bit in 
the PSW and genorate an SI00 s!N7A ('inter¬ 
rupt acknowledge') signal on buss pin 96. On 
receipt of sINTA the interrupting device must 
output the 8-bit vector onto the datE-in buss. 
The flip-flop !C46a la reset automatically when 
the CPU generates sINTA. 

This Interrupt request (piNT) has bean allot¬ 
ted a higher priority than the eight vectored 
interrupts managed by the PiC. 


MONITOR , , . ... 

A 2716 2K, single-roll EPROM corn nlnlng two 1K 
monitor programs Is available for *3a with this 
project. The EPROM has been written to 
support either serial communications or 
memory-mapped video terminals by selecting 
the appropriate IK monitor. The EPROM-type 
link field Is set up for a 2758 singte-rall IK 
EPROM, and the A’O address pin is wirod to 
either 0 V or +5 V to select the required IK 
monitor 

Both monitor programs have been styled on 
the BINBUG monitor and their commands are 
compatible to BINBUG and the Stgnetlcs 
PlPBUG monitors The SERIAL MONllOR 
communicates at 300 Baud via the 2660 Flag 
and Sense pins and contains a few new 
subroutines to erase the V0U screen and print 
a slan-on menage. The MEMORY-MAt- P*-D 
MONITOR differs only from BINBUG m the 
keyboard-In subroutine, which now utilises the 
SBC fl-htt parallel port. 


BANK SELECT 

The ETI-685 Incorporate* a bank select 
facility to extend the 2650'9 maximum address 
range to 612K of memory This Is accomplished 


provide an address range of 64K, and then 
providing a one-ot-eight bank (of 64K) soleci A 
quad latch, addressee! as one of the on-board 
decoded extended addresses, 13 used to store 
four bits of data. The least significant bit Is used 
as the sixteenth S10C address bit (A T5). and the 
other throe bits are presented to a 74LS138 
ono-ot-eight decoder. The eight outputs of the 
decoder are buffered and appear on the Si00 
buss on pins 59 to 88 inclusive. If the bank 
select feature Is not required the 74LSI38 and 
tho trl-stale butler can be omitted. 

$190 SIGNAL GENERATION AMD TIMING 

An 82S123 fuse-link PROM (IC34) Is used to 
synthesise seven of the eleven S100 control and 
status signals generated on tho board this 
PROM has as its inputs tho tive 2650 control 
signals - OPREQ. WRP. R/W, M/TT5 and 

" The 2650 ’operation request’ (OPREQ) output 
signal is the coordinating signal for all external 
CPU operations As this signal validates (or 
qualifies) all data, address and control lines 
from the 2650 It Is ANOed' in the PROM with the 
other four CPU control signals. Tho OPREQ 
signal Is usod to generate the Si00 control 
signal pSTVAL (Processor Status Valid). 

The Write Pulse (WRP) output Is a timing 
signal from the CPU that provides a positive^ 
going pulse in the middle of each memory or I/O 
write operation. It is designed to bo used er. * 
timed Write Strobe generated after the address 
and data lines have staoilisod. In the fuse-'mk 
PROM this signal Is used to generate the S100 
control signal, PWR. 

The processor Read/Write (S/W) output 
dehnes whether the external operation is a read 
or a write, and the Memory I/O (M/1 O) output 
defines whether the operation is for memory or 
I/O These signals are gated in the PROM to 
produce the S100 sMEMR, «INP. sMWRT and 
sOUT signals. As R/W also Indicates in which 
direction the data flow la. it is also ..sod to 
generate pDBIN and to control tfu on-board 
dota-buss transceivers. 

The Extended/Non-Extended (E/ Nt) 2650 
output Is the operation control signal that is 
usod to discriminate between the two-byte 
extended und the one-Dyto non-extended I/O 
operation. On the ET1-665 the C and D non- 
extended I/O addresses are used for communi¬ 
cating with the on-board Interrupt Controller 
and they are not presented to the S 100 buss. 
The extended signal Is used In the PROM to 
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qualify me S100 I/O status signals siNP, sOUT 
and sWO 

The S100 control signal pSYNC is defined as 
Indicating tho start of a new buss cycle and was 
Initially usod to strobr the status latches of 
external circuitry. Those latches stored tho 
8080's status information which was present on 
Its data linos at this time. As several modern 
memory boards use pSYNC pulses (eg: to 
generate 'wait states') this S 100 control signal 
has been synthesised on the ETI-685. A 
modulo-3 counter synchronised Ov OPREQ is 
used to generate a pulse every three CPU clock 
cycles This pulse Is one clock period long, and 
Is timed to rise midway through the first buss 

cycle. , . 

The S100 CLOCK signal is a 2 MHz clock, and 
the phi (tf>) signal is the same frequency as the 
CPU clock (as selected by W9). A Power-On- 
Clear (POC) signal Is generated onboard and 
can be used to reset 'sieve' devices. The Status 
signal siNTA Is the 2660 INTACK. and the 
pHLDA is the WAIT' CPU signal. 

Rufer to tne S’00 buss timing diagram for a 
graphical representation of the timing of these 
Status and Control signs!®. 
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DIRECT MEMORY ACCESS (DMA) 

The temporary transfer ot buss control from the 
Buss Master to a temporury Buss Master for 
that device to execute a direct memory reed or 
write is referred to as 'Direct Memory Access . 
In order to avoid conflict during this transfer of 
buss control, a predetermined sequence ot 
events exists which Is called the DMA Cycle The 
exchange of buss control to tho DMA device 
and tho subsequent return of control to the CPU 
(Buss Master) Is accomplished by the S100 
pMOLD and pHLDA signals 
On the ETI-685 board the pHOLD S100 signal 
(pin 74) is connected to the 2650 Pause line 
When this signal is active the CPU completes its 
current Instruction and enters the WAIT state it 
Indicates when this condition exists by sending 
the- RUN/ W AIT status output low', and this 
action generates the S100 pHLDA signal (pin 
?6). The receipt of pHLDA by the DMA device 
indicates that It may assert ADSB. DODSB and 
SDS6, which disables itrt-states) tho CPU 
address, data-out and status buss-buffers T he 
final transfer ot buss control is effected wilh the 
assertion of CDSB, which disables the CPU 
control buss-buffer. 

The "Temporary Buss Master is how In lull 
control ot the buss, and will maintain this 
condition to the and of its DMA cycle. Return of 
control to the Buss Master Is almost the mirror 
image' of events, with the final transfer ot 
control accomplished with the removal of the 
pHOLD signal by the DMA device 

Rr.fer to DMA sequence timing diagram for a 
graphical representation of a DMA Cycle. 
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From page 93 

access the on-board programmable 


Interrupt Controller. This Interrupt 
Controller will provide the user with a 
full understanding of interrupt handling 
procedures. 

Construction 

The pc board designed for this project is 
a double-sided type with plated-through 
holes. .We recommend you use a com¬ 
mercially made board for no other 
reason than that it goes a long way 
towards ensuring success with the 
project. If you have access to the 
appropriate equipment and have 
enough experience to feel confident in 
making your own double-sided board, 
then prints of the pc board pattern are 
available from us — with the usual 
proviso that you will only be making 
one for your own use and not for resale 
Note that breach of copyright is now a 
criminal offence. The board design is 
copyright to the author, who has 
licensed Applied Technology to manu¬ 
facture them. Apart from selling them 
retail, we understand Applied Tech¬ 
nology will wholesale boards to other 
suppliers. 

If you want to make your own board, 
then send a large (at least 250 x 300 mm) 
stamped, addressed envelope to: 

ETI-685 PCB 

ETI Magazine 

15 Boundary St 

Rushcutters Bay NSW 2011 
We will return a same-size positive print 
of the front and rear pc board patterns 

With the pc board and ail the 
components in your possession, the first 
step is to install all the IC sockets in 
their correct positions. It is rec¬ 
ommended that you use sockets for the 
two EPROM positions (ICs 15 and 16), 
the 2650 CPU (IC30), all the RAM chips 
(ICs 11 , 12 , 13 and 14 plus ICs 26, 27, 28 
and 29). 1C7 (the PIC), IC32 (the 8255 
PPI). IC43 (though one is not. shown in 
our picture) and IC48. These are all 
located on the component side (‘front ). 
Take care to orient them correctly. On 
those oriented ‘vertically’, pin 1 faces 
‘down’ (toward the S100 connector). 
Those oriented ‘horizontally’ face the 
right hand side of the board, when 
viewed from th,e component side with 
the S100 connector facing down. 

For the ports — marked XI. X2. X3, 
X4 and X5 — you have the option of 
installing dual-in-line sockets or the 
appropriate right-angle connectors (as 
shown in the photograph of the proto¬ 
type). 


A little tip — when installing IC 
sockets, solder one pin on each end of the 
socket and check that the socket is fiat 


in flat, finish soldering all the other pins 

Install all the resistors next. Pre-bend 
the leads of each resistor using a pair of 
long-nosed pliers before inserting them 
into the board. Note that R2 to R15 are 
mounted vertically. 

Install the four resistor networks 
(RNl, 2, 3 and 4). Note that pin 1, 
identified by a ‘dot’ on the resistor 
network, is located as indicated on the 
component overlay. 

Now install all the capacitors. Take 
note of the polarity of the tantalum 
capacitors. 

Follow with diodes Dl, D2 and 03; 1)1 
and D2 are mounted vertically. Take 
note of their polarity, also. 

Next comes the crystal. Carefully pre¬ 
form t he leads with a pair of long-nosed 
pliers and apply an 8 mm-square piece 
of double-sided tape to the back of the 
crystal before installing it on the board. 


Resistors. 

.. all VjW5% 

R1.2.7.15 . 

. Ik 

R3 . 

470R 

R4, 19. 

.. 4k7 

R5. 

.. 3k9 

R6, 16 . 

,100k 

R8. 

. 10k 

R9. 10. 13 .. 

220R 

R11 .... 

.. 3k3 

Ri2. 14. 

. 2k2 

R17, 18. 

390R 

RNl. 2. 3, 4 . 

.. 4K7 x 9 SIP 

Capacitors 

Cl. 6. 7,9.29 . 

resistor networks 

lu/6Vtant. 

C2, 4, 5 . . • •. 

.. 10u/6 Vtant. 

C3.8. 10-25,27, 
28,30.35-37 .. 

10On ceramic 

C26. 

. 22Op ceramic. 

C31.32 . 

22p (see text) 

C33, 34 

10n ceramic 

Semiconductors 

Dl. 2.3 

.. 1N914A 1N4148A 

Q1 2,3. 

.. BC1Q8. 6C548 

(Cl. 

.. 7812 

IC2. 

. 7905 

IC3 . 

LM323K 

IC4 

. 79L12 

105. 39 

74LS00 

ICG. 

. . 741 

IC7 . 

AM9519PC (PIC) 

IC6. 

74LS175 

IC9, 49. 

74L.S138 

IC10 

81L598 

IC11-14, 26-29 . 

... 2114L-4 

IC15. 15 . 

. 2708/2716 

1017 . . 

(one monitor one spare) 
74LS14 

IC18 

74LS139 

SC 19. 

.74LS08 

IC20.35.4i . 

74LS367 

IC21 

. .74LS132 

IC22-25 . 

.. 81LS97 


When soldering, do not apply excessive 
heat. 

At this stage, check with a multimeter 
that there is not a short circuit between 
any voltage rail and O V. Measure at the 
regulators IC1, 2, 3 and 1 between the 
input and out put to ground for any short 
circuits. Locate and rectify any ‘shorts’ 
found before proceeding any further. 

Now you can install the voltage 
regulators IC1, IC2, K 3 and K 4. 1C3 is 
mounted on a large, finned heatsink 
which must spaced above, the board. 
Mount four M3 10 mm screws onto the 
pc board, with four nuts on the top of the 
board acting as spacers. Fit the heatsink 
onto the four screws and. after checking 
that the IC holes are the right way. 
secure the heatsink with two nuts to the 
outside screws. Apply heat conductive 
silicon paste to the underside of IC3 and 
mount it onto the heatsink. Secure with 
two nuts and solder the two pins. 

Now it is prudent to check power 
supply operation. Apply power and 
verify with your multimeter that the 
outputs of the voltage regulators are 
within i 5'7 (e.g: 5.2 to 4.8 V for IC3). 


IC30 • 2650A (CPU) 

IC3I.36 . 74LS04 

IC32.2655 8255A (PPI) 

IC33.37 . 8131 

IC34, . 82S123 

IC38 . 741.S32 

IC40 .855 

IC42 . ■74LS107 

IC43.46 . 74LS74 

IC44 . 74LS02 

IC45 . 74LS20 

IC47.AM25LS2520 

IC48.7404 

!C50 . ... ...4072 

Miscfl'ianeour. 

Xi . . ... 4.000 MHz crystal 

SW1 . 8-way SPST DIP switch 

ETI-685 pc Board (see text), pc-mount TO-3 heat¬ 
sink — Thermalloy type THM6051B or 6001B-2 
or similar; DIP sockets — 2 x 8-pin 15* '4-pin, 15 
x 16-pin; 8 x 18-pm. 5 x 20-pm 1 x 22-Pin. 2 x 

24- pin, 1 x 28-pin. 2 x 40-pin. nuts rxilts etc two 
pc board electors — e g. Cambton No 415 70J6 

01 00 20 or Similar. | 

Optional connectors: The following connectors | 
may be used in lieu oi 16-pm DIP sockets 1 x § 

25- pin 90 pc-mount D connector (CP6850 9 

25RD). 3 x 10-pm 90 headers (e g H‘ r oseHIF3- | 
10P-2.54DS or sim 1 l x 16-pin 90 header to g I 
Hirose HIF3-16P-2 54DSor sim.). 

Price estimate ] 

We estimate the cost ot purchasing all the com¬ 
ponents tor this proiect will be in the range. 

$200-4230 

Note that this is an estimate only and not a 
recommended price. A variety of factors may 
alfect the puce of a proiec: such as — quality of 
components purchased, type of pc board (fibre¬ 
glass or phenolic base), type ot front panel 
supplied (if used), etc — whether bought as 
separate components or made up as a kit 

m 


ports, and the control and data non- 
extended I/O instructions are used to 
communicate with the programmable 


against the board. If necessary, reheat 
the solder and push the socket against 
the board. When all sockets are ‘tacked’ 
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It all ip. well, remove power and clean the 
flux off the rear of the board with flux 
cleaner or methylated spirits. 

Fief ore proceeding with installation of 
the ICs onto the board it is advisable to 
check the data and address buss lines for 
shorts. Any shorts on these lines will 
prevent, the board from operating and 
can make fault finding very difficult. An 
ohmmeter or small buzzer can be used to 
check for shorts. Place one probe on the 
first data or address line at the CPU 
socket (IL30) and touch the other probe 
across the remaining lines in turn. No 
continuity should be found. Move the 
fixed probe to the next line and repeat 
the process until all lines have been 
checked. 

Install It 43 and 48 into their respect¬ 
ive sockets. Apply power to the board 
and, with the aid of a logic probe or 
UiO. verify that the 1 MHz dock 
appears at. pin 38 of IC30 and pin 6 of 

Install the following ICs: 5, 13 17 18 
19 21, 28, 30, 33,36, 37. 40, 44, 45, 46, 49 
and 50. '} he board now contains 
sufficient components to operate as a 
‘minimum component, system’ with IK 
of user HAM available from ‘0400’H to 
‘OVFF'H. The board can be operated and 
tested using a serial VDU with com¬ 
munications via the current loop. A 
serial VDU monitor in 2708 EPROM 
must be installed at IC16. If the 2716 
dual SBC monitor is to be used, the W6 
wire link field must be rewired, as 
™ d , ( in the wire-link diagrams, 
l he SBC Monitor requires the keyboard 
to be wired to the parallel port at socket 
X5. 

The successful operation of the pro¬ 
ject at i his point will indicate that all the 
internal data, address and control busses 
are without iaull and you may proceed 
to install the on-board ports, extra RAM 
and the 8100 buss buffers. 

If a serial VDU is not available, this 
intermediate test cannot be performed 
so proceed to the next step. 

Install the following ICs: 6, 11 12 14 
20,22, 23, 24, 25, 26, 27, 29,31,34, 35. 38 
•59, 41, 42 and 47. The board is now 

, P and ron he Stalled onto an 
BiiK) buss mother board. 

A BIYGUG’ 2708 Monitor can be 
isnerted into ICJ.6 to enable the use of 
the 640 VDU. If the dual SBC monitor or 
any other program in 2716 EPROM is to 
be used, ensure that the W6 link field 
has been rewired accordingly. 

0 ETI-685 can now be tested on the 

8100 buss witi^ additional RAM mem¬ 
ory. 1 o verify that the system is fully 
operational, load and execute the RAM- 
1 EB l program given on page 104. 


Next, you car. install the PPI 0(732) 
and the PIC (IC7 — optional). Verify 
that the PPI is operational by loading 
and executing the PPI-TEST Program 
cm page 104. Note that external hard¬ 
ware Ian octal DIP switch and pull-up 
resistors) will be required to connect to 
the port under test. 

The Muftibtig Monitor 

The Monitor is a peripheral interlace 
program, resident in non-volatile ROM 
or EPROM, which provides the user 
with a basic set of operating commands, 
this program is resident at address 
,0000’H, and is executed by a CPU 
'reset’. 

The ETI-685 can be operated with an> 
monitor program which commences at 
address ‘0000’H. In most cases one of 
three monitors will be used Firstly 
there is the Signetics’ PIPBUG monitor 
transferred into EPROM) for serial 

,’ hen ‘ 9 the range of 

olNttUO monitors (produced by 
MicrpUyte) for S 100 memory-mapped 
V DUs and thirdly, the SBCRUG moni¬ 
tor. 

is a 2716 2K single-rail 
El ROM containing two IK monitor 
programs. The EPROM has been writ¬ 
ten to support either serial communi¬ 
cations or memory-mapped video ter¬ 
minals by selecting the appropriate IK 
monitor. The EPROM-type link field is 
set up for a 2758 single rail 1K EPROM 
and the A10 address pin is wired to 
either 0 V or +5 V to select the 
required IK monitor (see later). 


Both monitor programs have been 
styled on the BINBUG monitor and 
their commands are compatible to the 
BINBUG and PIPBUG monitors The 
original PIPBUG monitor supported 
seven basic commands, each selected by 
a single alpha character, and these have 
been retained. The SERIAL MONITOR 
communicates with the VDU at 300 
Baud via the 2650 Flag and Sense pins. 
nn ” contains a few new subroutines to 
erase the VDU screen and print a sign- 
on message. The MEMORY-MAPPED 
MONITOR differs only from BINBUG 
in the keyboard-in subroutine, which 
now utilises the on-board 8-bit parallel 
port. 


Monitor commands 

Following are the commands and their 
respective functions: 

A — Examine and Alter memory 
contents. 

B — Set a program Breakpoint. 

G —• Clear a set breakpoint. 

D - Dump a block of memory to tape 
(300 Baud binary). 

G — Execute a program at a specified 
’Go’ address. 

L Goad a tape file into memory. 

8 - Examine (See) and modify the 
CPU registers. 

Now let us look in detail at each 
command and what they do. 

Examine and alter memory: Thi<- 
command provides the user with a 
means of displaying the contents of n 
specified memory location and altering}* 


-“MONITOR SUBROUTINE SUMMARY — 


rCamibrfs ^ """ <! basic of 

incorporated Into user proorama and Con,ai " e < J * »» "on,tor can be 

requirements 


--- wi " « rBat, y simplify Interface programming 

subroutine nesting achieved Sy each aubroutlnn rL aMeC,wi and ,he level of 

order. The subroutines are only available in w! "?! ed ' name ' alphabetical 


Name 

Address 

Nest 

AGAP 

027D 

3 

BIN 

0224 

3 

BOUT 

0209 

3 

CHIN 

0206 

3 

COUT 

02B4 

2 

GRIP 

008A 

3 

OLAY 

039B 

1 

OlY 

039F 

1 

PORM 

0278 

3 

GNIIM 

02DB 

2 

INCT 

C0AB 

1 

LINE 

0058 

3 

LKUP 

028C 

1 

STRT 

00A4 

1 


-- r vi;u Monuors. 

Description 

Outputs 'the number in Register 3' spaces (H'20') 

oTeTbI^^ X in d rSlT, a ' ‘Sff t9rS ,rom lho ^boara term, as 
one 8-bit byte m registor R1 Serial mcnitor only 

An ASCII ln bir,ary “* ,wo ’^i^'™! characters. 

An AoCII character is input to R0 from the keyboard 

The byte ,n HO is output as an ASCII character, 
outputs a carriage return and line food to VDU 
Produces a 1-bit delay at 300 Baud (approx. 3.3 ms) 

Produces a half-bit delay at 300 Baud (approx. 1.6 ms). 

Outputs three spaces (K 20 ) to the VDl I 

Places ihe next entry in the line buffer Into R1 and R2 |, iQnores 

Adds the two-byie number stored at TEMP and TEMP m to Rl and n? 
Kt-So^r 5 ^ rBS ) tl,e | w °- b y t « res P« back in TEMP and TEMP • \ 
e k , ,r0m ,he k ^ b ^ r d into the Line buffer 

fSe 6n V corref:,ion5 ana DR or lp terminates the 

Converts an ASCII character in R0 Into a hex value In R3 Generates 
«n error message If a character is no, hexadecimal 
btoras the number | n R1 end R2 in TEMP and TEMP-M. 
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the current contents if necessary. It. 
contains an automatic address in¬ 
crement facility and may be used to load 
a program into consecutive memory 
locations. 

This command is also used to examine 
the contents of memory following a 
program execution or breakpoint. The 
automatic address increment feature- 
can be used to display the contents of 
consecutive memory locations. 
Command format: Axxxx< 
xxxx is the hexadecimal address of 
the memory location for display. Ad¬ 
dress leading zeros may be omitted. 

Following the execution of this com¬ 
mand by the entry of the ‘carriage 
return’ key (shown thus the mem 
ory address and its contents will be 
displayed in the following format: 
xxxx ... zx ... [1 

zz is the current contents and [j 
represents the cursor location. To alter 
the memory contents, key in (in hex.) 
the required data. Leading zeros may be 
omitted. If no data is entered before a 
carriage return (CR) or line feed (LF) 
the contents will remain unaltered. 

To examine the next memory location 
(auto address increment) enter a line 
feed. To exit, from this command enter a 
carriage return. 

Set. breakpoint: A program 
breakpoint is primarily used during 
program fault finding (debugging) to 
terminate the execution of a program at 
a predetermined location. When the 
breakpoint is encountered, control is 
returned to the user who is then able to 
vise the other monitor commands to 
examine the microprocessor’s internal 
registers or the program's memory lo¬ 
cations. 

Only one program breakpoint can be 
set at a time. 

Command format: Bxxxx< 
xxxx is the hexadecimal address of 
the first, byte of the program instruction 
at which the program ‘break’ is required. 
Leading zeros may lie omitted. 

The breakpoint program operates by 
altering the contents of the program 
memory and cannot be used on pro- 
g ,irns which reside in ROM or EPROM. 
Two bytes of program data are replaced 
with '9B’H and the previous data is 
saved in reserved locations in the 
monitor’s scratchpad RAM memory. 
When the breakpoint is encountered the 
original data is returned (auto-clear) to 
the program and the contents of the j 
microprocessor’s internal registers are j 
saved in the monitor’s scratchpad RAM. 

■t 

Clear breakpoint: This command is 
used to erase a pending program 
breakpoint. The previous program data 


is returned and t he breakpoint Hag reset. 
If no breakpoint exists the monitor’s 
error message is displayed. 

Command format: €< 

The user should note that the moni¬ 
tor’s RAM memory is cleared following a 
processor reset and any program data 
stored there due to a pending breakpoint 
will be lost. 

Dump to tape: The DUMP command 
provides the user with a means of saving 
programs on audio-quality magnetic 
tape. The SBC monitor outputs binary 
data at 300 Baud in the same format as 
the popular BINBUG monitor. 'Phis 
format is approximately six times taster 


than the original Signetics i’ll’Ll f 
routine and represents the best compro 
mise of speed and reliability. A suitabl 
frequency shift keyed cassette tap 
interface must be connected to the sen 
port on-board. 

Command format: Dssss-fffl 
«eee< 

asms is the start address of the blo< 
of data to be saved. 

t'fff is the finish address of i he block <> 
data. 

eeee is the optional auto-start pro 
gram entry address. 

The output format consists of a leach 1 , 

32 nulls, a header, a four-byte stars 
address, a two-byte block length, a two 


2650 MEMORY ADDRESS ASSIGNMENT TABLE- 


Memory Sector (K) 

Starting Addroee 

Ending Address 

1 

0000 

03 FF 

2 

0400 

07FF 

3 

0000 

0BFF 

4 

ocoo 

0FFF 

5. 

1000 

13FF 

6 

1400 

17FF 

7 

1800 

IBFF 

8 

1C00 

1FFF 

9 

2000 

23FF 

10 

2400 

27FF 

11 

2800 

2BFF 

12 

2C00 

2FFF 

13 

3000 

33FF 

14 

3400 

37FF 

15 

3000 

36FF 

16 

3C00 

3FFF 

17 

4000 

43FF 

18 

4400 

47FF 

19 

4800 

4BFF 

20 

4C00 

4FFF 

21 

5000 

53FF 

22 

5400 

57FF 

23 

5800 

5BFF 

24 

5C00 

5FFF 

25 

6000 

63FF 

26 

6400 

67FF 

27 

6600 

bOFF 

28 

6C00 

6FFF 

29 

7000 

73FF 

30 

7400 

77FF 

31 

7800 

7BFF 

32 

7C00 

7FFF 


NOTES: 

1. Caution should be exercised when attempting program flow across page boundaries (shown thus 

- ). Refer to the Signetics 2650 Microprocessor Data Manual 

2. The 2650 Monitor resides In the first IK sector (0000-03FF) and uses the next 64 bytes of RAM 
(0400-043F). User RAM commences at 0400. 

3. The ETI-640 VDU resides in the 2K address sector 7800- 7FFF 

4. The 2650 Disk Operating System (DOS) resides in the 2K address range 680O-6FFF and uses ?K ol 
RAM at 7000-77FF. 
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PORT CONNECTOR PINOUT CMAGBANS 


CURRENT COOPT.* 
CURRENT LOOP H» * 
CURRENTlOOPT»- 
CURRENT LOOP R* 


RS 232CT. 

ns ?3?v n» 


— 

o 

oi' 

o 

o 

o 

0 

o 

0 

o 

o 

o 

o \ 

0 

o 

o 

_ ° J 


PPIRORT A. a ANDc 

DATA BIT 0 

O 

o 

DAT A BIT 1 

O 

o 

DATA BIT 3 

O 

o 

DATA BIT 3 

O 

o 

DATA 80 4 

O 

o 

DATA on S 

O 

o 

DATA BIT 6 

o 

o 

OAT* BIT 7 

o 

o 


PARALLEL PORT (KEYBOARD! 


DATA BIT 7 1 O 

DATA BIT 8 O 

DATA BIT 5 O 

DAT A BIT 4 O 

OAT A BTT 3 O 

DATA BIT 2 O 

DA TAHITI 0 
DATA HIT 0 0 


O O O 

O O O 

o O O BREAK 

O O C' STROBE 

O O O OV 

0 0 C OV 

o O O enable 


CLH.+ 013 
CL Tx » O'2 

o 

o 

o 

RS-232 0 V 07 

o 

o 

c 

HS-237 T * Q3 
RS-232 R* 02 

o 


2!’0 Cl. hx - 
?AO CL'fK- 
O 

o 
o 
o 
o 
o 
o 
o 
o 
o 
_ o 


DATA BITC 

o 

0 

DATA BIT 1 

o 

o 

DATA BIT 2 

0 

0 

DATA BIT 3 

o 

o 

OAT A BfJ 4 

o 

o 


lii® Sib© to 


byte SOT checksum, the data block and 
the block checksum. As the data block 
has a maximum length of 256 characters, 
the above process is repeated as often as 
necessary until the end address is 
reached. 

GOTO (and execute): The GOTO 
command instructs the processor to 
execute the program at a specified 
hexadecimal address. 

Command format: Gaaaa< 

aaaa is the hexadecimal program 
execution address. Leading zeros can he 
omitted. 

This command utilises the monitor 
‘line’ subroutine to input a line of up to 
20 characters into the ‘line buffer’. As 
only live characters are used by the 
command, a further 14 characters may 
be entered (following a delimiting 
‘space’) to pass additional parameters to 
the executing program. 

Load from tape: The LOAD command 
is used to read back a binary data file 
from tape which has been recorded using 
the DUMP command, or an identical 
output format. The program extracts 
the start address from the data file and 
performs CRC checking. '1 he tape load 
will be aborted and the monitor’s error 


message displayed if a CRC error is 
detected. 

Command format: L< 

At the completion of an error-free load 
the program checks the end of the data 
file for an auto start address. If an 
address is found the program will direct 
the processor to execute the program at 
that address. If no address is found the 
monitor will respond with the **’ prompt 
message. 

Examine (See and alter) CPU 
registers: This command is primarily 
used in conjunction with program 
breakpoints during program fault find¬ 
ing. Program breakpoints can be used to 
obtain a ‘snapshot’ of the program and 
the microprocessor’s status immediately 
prior to the execution of the instruction 
at the breakpoint address. 

This command is used to display the 
contents of any of the CPU’s seven 
internal registers and two program 
stutus words following the execution of a 
program breakpoint. It also permits th< 
user to alter the contents of any of these 
registers and resume program execution 
using the G command. 

Command format: 8n< 

The number ‘n’ (valid in the range 0 to 
8) is used to select the particular register 
for display. ► 


EPROM TYPE SELECTION FIELD (W6)~ 


irMMlILTLfUUL 1KIAS 8TCHAD ON Tut PCBI 


J?l«SMOU-MAIl IK 


l l o 


jfM'ON HALF >7141 SMOLE AAA >* 

o o o o 
o o o o 


TMS? 71 r.RUlTI H»H JK 


6 o\o/ o o o o 
o o d* o 6o o 


l l 
l l 


C 0 H SBC MONITORON 2 '«> 
A FIRST IK AS MONITOR 
o secono IK AS MONITOR 


PORT CONNECTOR PINOUT DIAGRAMS 


_LINKING FOR THE MULTIBUG MONITOR ROM (V1.1) - 

The Multibug monitor EPROM is a single + 5 V EPROM containing two IK 

been developed for the ETI-685 from the popular BINBUQ monitor. This EPROM contains in th)Uirsl 
IK a monitor to interface with 300 Baud serial video terminals and in the second IK a momto to 
interface with S100 buss memory-mapped VDUs (such as the ETI-640). The required monitor program 
Is selected by setting the EPROM's A10 address line to either 0 V (for the serial monitor) oi + 5 V or 

^To use the 2716 EPROM the W8 link field must be rewired from its 'etched' linking, which has been 
preset for multi-rail 2708 EPROMs. Three links mu3t be broken and the adjacent links closed; all ot isr 
links can be left 'ns etched’. The 2716 EPROM must only be inserted at ICI6. 

O O o O 0—0 O the link* marked thus 

6 O 0 O O 

Oloce the links marked thus ( Q 

* 5" (° £ 0 ? ° 5- (° ‘ Link A to B for the serial monitor 

o o BO o o O 0 O Links to C for the 3100 monitor 

TH£ 8100 MONITOR FOR EThMO TYPE VDU#. .. hno . 

The SI00 Monitor uses the X5 parnllet-in-port connection to Interface to a standard parai.el keyboard 
which produces a positive strobe. The port enable' line can bn tied direct to 0 V and ,f ' e ^Vhoard 
Should not draw more than 50 rnA from the - S V supply. A 'Break fund,on using the CPU Sense line 
can be used if the top half of the W2 link set is rewired (break 1-2 and dose 2-3). _ 
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« 

0 “"roister0 

1 — register 1 bank 0 

2 *= register 2 bank 0 

3 “ register 3 bank 0 

4 ^ register 1 bank 1 

5 “ register 2 bank 1 

6 — register 3 bank 1 

7 — Program Status Word Upper 

8 ~ Program Status Word Lower 



The user may alter the displayed 
register’s contents by entering a two- 
character hexidecimal number before 
entering a CR or LF. To display the next 
register (auto increment) enter a LF. To 
exit from this command, enter a CR. 

Follow up 

Plans are well advanced to follow up this 
project with a number of related articles 


to to 1 SOT® 

and projects. First up, we have an article 
coming on the subject of interfacing, 
using the 8255 programmable peripheral 
interface (PP1). Work is currently in 
progress on an ASCII keyboard and a 
cassette interface and we hope to present 
these as early in the new year as possible, 
given the vagaries of Murphy’s Law, 
mayhem and the fairies at the bottom of 
the darkroom ... 



I* MEMORY TEST PROGRAMME 

I* 

S* Kxatcut* bsi KB'.iInul B440_F 

I* 



IE DUO 

ECU) 

M'OOID* 



IMBUd 

EOU 

H*0022' 



ICRtF 

EOU 

H'0025' 



IZOtIT 

cr;u 

H'OOSA' 



10AST 

sou 

H'OOAl ' 



1D0UT 

EOU 

H'0269’ 



1F0UT 

FOU 

N'0279' 



U1NUM 

I * 

EOU 

K'02DB' 



STENP 

EQll 

M-040D* 

Start Addr*»u point i 


1TEMU 

l Ar 

EOU 

H *040F' 

Ei„J Add r a a a pointer 


i 

t i 

0*Q 

M' 0441)' 


0440 0402 

SlHIT 

LODI.RO 

02 

Aritli. co».arr 

0442 93 

1 

LPBC 


Clear Carn*. RSL 

0443 7640 

1 

PPI3U 

FLAI3 

Sat floa 

0445 3F00AI 

1 

DSTAfUN 

BAST 

Fpti.-li Start Add. 

044H E504 

1 

C0MI.R1 

04 


044A 9803 

1 

JlCKR.fO 

CONT 

Not 0400-4FF block 

044C 0505 

1 

L0DJ.R1 

05 

tlipn *t.«rt at 0500 

044E CR040D 

1 

aTRA.Fll 

TEMP 

Start Add. lr, 1EMP 

0431 3F02P8 

1C0NT 

D8TA.UN 

ONIJM 

Fatcti End Add* 

0454 CD040F 

1 

STRA.ftl 

TEMO 

End Add. In 1EMQ 

0*57 20 

1 

EORZ.R'J 


H*N 00' 

0450 CC040E 

1 

S1HA.R0 

TEKP+1 

Onl’i 256 bwt<* block- 

0458 CC0410 

t 

6THA.R0 

TEMQ+1 



UPrlnt 

Addrkun I 

block to ti 

rut 

045E DBAS 

1 BLOCK 

ZB88 

*CR1.F 

Npw Hu* 

0460 CD040U 

: 

LODA.RX 

TEMP 

H»6h Add, bvt* 

0463 3F0269 

i 

S9TA.UN 

BOUT 


0466 OP040E 

i 

UiDA.Rl 

TENP+1 

Lou ^dd. bwtn 

0469 3F0279 

S 

68TA.UN 

FllUT 

BOUT with 3 ur.c-av 


19Tw#t a 

, 256 but*, blupk 


046C 20 


EORZ.RO 



046R C2 

t 

8TRZ.R2 


CUur indwa 

046F crF.40n 

tWRITE 

8TRA.H0 

4TCKP.R2 

Fill l.lot-k 

0471 8401 

1 

ADUI.RO 

01 


04/3 8601 

1 

A0D1.R2 

01 

ni»Kt 

04/*, VB77 

i mW** 

DCFR.Z 

WRITE 

till H 1 00' 

0477 FFMOD 

SREAD 

CONA.RO 

#TEHP.R2 

R*‘*>l back 

047A 9826 

1 

DCFR.CO 

ERROR 


04/C 8401 

S 

ADDI.no 

01 


04/E 8601 

1 

ADDI.R2 

Ot 

llIKIlt 

0480 98/5 

i. 

DCFR.Z 

READ 

till H'OO- 

0487 H40I 


ADDI.RO 

01 

Ti„i,m»,,|,I. For nit 

04H4 yii6B 

i 

1 u 

BtTR.Z 

UMTF 

dal..i riial,iii.itions 

0486 044F 

I OK 

LODI.RO 

AO’ 


0408 PBAA 

1 

2 BUR 

*zmjT 

flint *()• 

048A 044U 

1 

LODI.RO 

A 'K' 


048C BBAA 

1 

ZB8R 

«zom 

print- * K • 


14T»»l for End Addrcsa 


04ME OUtMOO 

1 

LODA.Rl 

Tf KIP 


0491 ED040F 

1 

C0MA.R1 

TE«(1 


0494 SC0022 

t 

BCTArEH 

NB1J0 

End of tvst 

0497 1D001D 

1 

BCTA.OT 

EDUG 

Addren* wruf.-i 

049A 8301 

1 

ADDI.Rl 

01 

Hirkt block 

0490 CD040D 

I 

STRA.R1 

TiHP 


049F 1F045C 

1 

DCTA.UN 

BLOCK 



1*R»port 

• rror »,nd Addrp*6 


04A2 C3 

SERROR 

8TRZ.R3 


Sava (.n 1 ti.il.i l,uLc 

04A3 00040/J 

1 

LODA.RI 

TEMP 

Hi»h Add. Uwti* 

04A6 3F026V 

SJBCJUT 

BETA.UN 

BOUT 


04A9 0? 

1 

L0B2.R3 


Low Add. I'«t» 

04AA Cl 

I 

8TRZ.R1 




04A8 JF0279 
(MAE 03 
04AF Cl 
04R0 3PF3 
0482 V622 


98TA.UW FOIJT 
LODZ >R3 
8TBZ.R1 

DfiTR.UN *IB0UT*1 
ZBRR HBUO 


Print f«U data but. 

Abort twsl. 


00 ERRORS DETECTED 


0440 

04 

02 

93 

76 

40 

3F 

00 

A1 

F3 

04 

■78 

05 

05 

05 

CD 

04 

0450 

on 

3F 

02 


CD 

04 

OF 

20 

CC 

04 

OE 

CC 

04 

10 

BE 

A5 

0460 

OD 

04 

OD 

ft 

02 

4 V 

00 

04 

OE 

3F 

02 

79 

20 

C2 

CE 

F.4 

04/0 

ou 

B4 

01 

S4 

Cl 

9* 

77 

-£ 

E4 

OD 

90 

26 

84 

01 

66 

01 

0480 

98 

73 

84 

of 

9B 

69 

04 

4F 

BD 

AA 

04 

4 Si 

BR 

AA 

oc 

04 

0490 

OD 

ED 

04 

OF 

1C 

00 

22 

ID 

00 

ID 

B3 

01 

CD 

04 

OD. IF 

04A0 

04 

5E 

C3 

00 

04 

OD 

3F 

02 

69 

02 

Cl 

3F 

02 

79 



04D0 

3B 

FS 

93 

22 
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0040 

o:.4i 
or, 4.i 
01,4b 
034/ 
0S4A 
054D 
0f,4E 
03 At 
0532 


C2 

0848 

R441 

NBAA 

31 0278 

3F0279 

02 

Cl 

3F026? 

vein 


0500 0400 
0302 IJ403 
0504 20 
0503 93 
0506 C809 
&508 CflOV 


050A 0400 
050C 0708 
050F 0580 
(IMO 0500 
0512 5400 
05)4 fl 
(IMS 9829 
0*i) / 51 
0518 (KM 
051A FA70 

051C 09/3 
0!i1 E 1501 
03/0 100328 
0073 8501 
0075 C96A 
0577 C96A 
0079 1R5F 

057P /400 
0030 0700 
OO.’f OF3338 
0533 1£0022 
0035 I'll A A 
O',3/ IIVA 
05.(V 00004920 


1* 11255 

t-ri rcisr 

l-ROIIRAMMI 



i» 

IBExitCdta t". min t,,•« *11300* 



I* 

1 PUR r A 

k Ull 

H'OO 



1 PORTD 

EOU 

H ' 01 ' 


< 

1P0RTC 

EOU 

H '07' 



ICNVRL 

EOU 

H' C 3' 



IS 

IE BUD 
1MBIJ0 
IZOUT 

EOU 

EOU 

EOU 

H'OOltl' 

H' 0077' 

A ‘ C07A ' 


1 

100UT 

EOU 

H ' 076V ' 



I FORA 

EOU 

H 027B 


| 

1F0UT 

ECU 

H'02/V- 



ICOUI 

tou 

M' 02B 4 ' 


i 

1* 

: 

oriG 

H ' 0500' 



i* 

I INIT 

LODI*K0 

H'OO' All port 

, , 1 ■ ul 


1 

wrte.ro 

CNIMI 



t 

eorz.ro 

An til. 

. , 1 • ,, 


I 

LP9L 

i „ r r«i „ 

.#« !.’• 1 . 

1 

I 

3TRR.R0 

URI IF + 1 



1 

strr.ro 

Rl AD4 1 




I*f»»t rort bw writI m /• lut 


ill, 


1* rt*ad It bacK And 

1 START L0DI.R2 MOO' 

HE8T L0DX.R3 H'OO' 

I LODI.fill H'80' 

I WRITE WRtE.Rl PORTA 

1 REAP REDE *80 PORTR 

1 CDMZ.R1 

! BCFR.EQ ERROR 

! HHR. f\ 1 

! RPRR.R3 WRITE 

I I'PRB ► R2 TEST 

I* 

I L0DR.R1 WRITEtl 

1 CONI.RI PURTC-1 

{ BCVA.flT END 

! ADDI.Rl 01 

1 91RR.RI WRITE*l 

I STRR.R1 FlEAP+1 

I ftCIR.IIH START 

l»Pr u,t th« PP1 UK »«•', .,vli> 
SEND PP8U 

! LUDI.R3 0 

SPRINT I.ODA.RO ir.XI-l.N3t 

! RCTArZ NBUG 

S 7RRR *70111 

! 81.1R, UN (MINI 

SIf XT HA I A A'fPI UK• 


'OKNIM* 

I ii.«c «rii"in 1.1■ r 

II-,*.,, cnunl.pr 

bii h -.pi. 
Output ,1*1., i .i 
Up.id d-il >, t>." I 
than iron,, .in, 

ShH L *.nl lul 
pi- lilt lilKPs Hi 
linn 356 I., n,,■ 

Fateh lurtpnl. 
At 1'iiri C mpi 
Ye**.» all pnrt«. 
No* nt* . I purl 
loaded 


oil 

(IK 


Cunt 


.in 


SUf'ririt tl,p nrcr 

!ERROR 81RZ.R2 


*0 

nl" 


LODRrRO STAR III 
ADDI.RQ H'«S ' 
Z8SR HZOUI 
BBTA,ON TORN 
BBTA.UN FOOT 
L0DZ.R2 
8TRZ.RI 
8STA.UN BOUT 
7.8FIR EBUG 


FI All 

tint., linn 

I Pil l, l.-to 

I p .t li'ilr 
fi M.' li’.lii 
I 01,1 


!,.ivp I v.i I,I,- 

F ptp|i ,i,tl w ., I,, 
III',, VO i t 1,1 A I, I, 


Print foui„) 


F*2 


00 ERRORS DETECTED 


0030 23 38 1C 00 
0540 C? 08 48 84 
0050 02 69 98 ID 


93 

C8 

09 

CB 

09 

06 

00 

0/ 

OB 

03 

KO 

99 

29 

51 

FS 

76 

FA 

70 

09 

73 

F ' 

01 

C9 

6A 

C9 

6A 

ID 

5F 

7t> 

00 

07 

00 

OF 

BB 

AA 

ID 

76 

50 

50 

49 

20 

4F 

4B 

00 

Q8 

AA 

3F 

02 


3F 

02 

79 

D? 

Cl 

3F 


OTHER RELATED ET! PROJECTS THAT MAY INTEREST YOU 

KTl-635 Microcomputer Power Supply Sept. 77 

ETI-640 S100 VDJ April, May, June 78 

ET1-838 S100 Motherboard SWay '80 

ETI-&81 S 100 Programmable Character Generator June '80 

ETM',82 S100 PROM Board March ’81 


i i 



